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in Mr. TVilsoii Noble's break might be lessened by filling the 
cavities with slate. 

Mr. DUDDELL said that the worst substance for making 
contact-pieces was carbon ; then came zinc, brass, and copper, 
with platinuin best. These were the results in air, but the 
effects in liquids were different. With rapidly moving 
contacts all metals seein equally good, but in ordinary coils 
the contact-pieces move slowly. 

Prof. EVERETT said it was interesting that rock-salt, which 
is very transparent to long waves, should also be transparent 
to  very short waves. 

Dr. DAWSON TURNER said that if the experiment referred 
to by the Chairman had been performed inside an earthed 
nietallic screen, the negatively electrified body would hare  
been mort: qnickly discharged. 

-- 
XSII. A Simple Electrical i~f~ci=o))Zeter.--Pttrt I. 

By P. E. SHAW, B.A., D.Sc." 
[Abstract.] 

Two yeirs ago the Author described an instrunleiit with 
which he measured very small lengths by the application of 
electric contacts 7 ,  and the micrometer shown was a simple 
form of the original apparatus. A screw, fitted with a milled 
head, turns in a fiecl nut and its lower end presses upon the 
extremity of the long arm of a lerer. A metal point is 
attached to the short arm, and the distance through which 
it moves, on turning the milled head, can be deduced from a 
knowledge of the pitch of the screw and the ratio betveen 
the arms of the lever. I n  using the instrument either (1) 
this point, or (2) the screw-point itself (the lever being 
removed) is brought up to  electric contact with the nioviug 
body, and the contact is accurately determined by the sounds 
in a telephone in the circuit. The Author illustrated the use 
of the instrument for measuring small lengths, by describing 

* Read May 9, 1902 
.i- Shaw, Phil. Nag. Dec. 1000. 
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the following eight applications to ordinary laboratory 
measurements :- 

(1) The measurement of the thickness of plates, film3, or 
fibres. The object is placed between two metal plates. The 
point of the micrometer-screw is adjusted to touch the top 
plate and the reading taken. The object is removed, the 
point is again brought into contact with the top plate, and 
the difference between the readings in  the two cases gives 
the thickness of the film. 

(2) The determination of Young’s Modulus by the elon- 
gation of a wire. The Author described experiments on two 
wires, each 28 metres long, hanging side by side, one of copper 
and the other of steel. The wires terminated in horizontal 
platforms to  which the stretching weights were attached. 
The micrometer-screw measures first on to one platform 
while loads are applied below it, then on to the other plat- 
form while loads are  applied as before. The f i r a t  measure- 
ment gives the elongation, and the second shows any  error 
due to  yielding of the brackets supporting the wires. By 
reversing the process of measurement we obtain values for 
the other metal. 

(3) The determination of Young’s Modulus by the bending 
of a beam. 
(4) The determination of simple rigidity by a static method. 

Observations were made upon a rod held horizoiitallj by 
rigid wall brackets. One end of the rod mas fixed and tbe 
other held in position by a pili pressed into a hole in  the end 
of the rod. From this end an arm projected outwards. 
Weights were applied to the extremity of this win, and the 
twist measured by observing with the micrometer the move- 
ment of the end of the arm. 

( 5 )  Application as an extensometer. 
(6) Measurement of-thermal expansion. 
(7) Microscopic measurements. I n  measuring the dia- 

meter of a capillary tube the cross wire of a microscope is 
brought so as  to appear to  touch one side of the tube, and 
the point of the micrometer is brought into contact with the 
inetal stage. The stage is then moved by a screw until the 
cross wire comes to the other sitle of the tube. The micro- 
ineter point is moved into contact again, and the difference 
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in the readings gives the dinineter of the tube. In this 
measurement the full  magnifying power of the microscope is 
utilized, and the work of moving the stage is performed by 
a rough screw. 

(8) The direct measurement of the wave-length of light. 
Newton's Rings are fwmed by a convex lens and a piece of 
plate glass. The convex lens is fixed to the short arm of the 
lever, and the distance through which it must be moved to 
cause a certain number of bands to appear at the centre 
gives a means of calculating the wave-length of the light 
eniI'loyed. 

DISCUSSION. 
- Prof. EVERETT said the apparatus combined fineness and 

accuracy of measurement, and expressed his interest in the 
determination of distances with the microscope. 

Mr. R. J. SOWTER asked if any special precautions had 
been talien t.0 prevent deformation in  the instrument. If not, 
then it was optimistic to assume that one or more inulti- 
plying levers could be used to measure lengths of the order 
of a millionth of a millimetre with any physical accuracy, 
assuming the inultiplication of measurement to be according 
to the law of the lever, as Dr. Shaw apparently did. 

Mr. W. WATSON said that in determining the wave-length 
of light by Newton's rings, it was necessary to measure from 
the knife-edge of the lever to the centre of the rings. The 
accuracy of the experiinent was limited by the difficulty in 
judging the centre. The variation of the temperature of the 
air would distort the lever and prodace errors. I n  reference 
to  the experiments on Young's modulus using two wires of 
different material, he said that no precautions had been taken 
t o  procure a steady temperature, and pointed out that varin- 
tions in temperature would affect the two wires unequally. 
I n  the experiment on the torsion of a rod, the twisting had 
been produced by an unbalanced force. The other arm of 
the necessary couple must therefore have hem unsatisf'ac- 
torily supplied by the friction of the pin which held the rod 
in position, In measuring the diameter of a capillary tube 
with extreme accuracy, it was necessary to have a normal 
section, which was somewhat difficult to obtain. Dr. Shaw 
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apparently considered the instrument as suitable for laborn- 
tory work. If it was for elementary students it was 
unnecessarily elaborate, and if fo r  obtaining accurate 
measurements there were objections and uncertainties which 
should be investigated. Mr. Watson said that a similar form 
of micrometer had been described by Mr. H. C .  Russell, 
and used in the observatory at  Sydney. 

Mr. MARK BARR said that as errors would be introduced 
by variations in temperature, it might be advisable to mdre 
the instrument of a nickel-steel alloy with a small coefficient 
of expansion. H e  had known errors to grow even after a 
steady temperature was reached. H e  asked if the knife- 
edges and screws used were good enough to give the same 
reading twice, and said he thought the limit of phy&:il 
accuracy could be obtained by using a single disk on a screw 
calibrated throughout its length. It could almost be stated 
as a law that for a given ultimate approximate result, error 
increases more rapidly wit.h the number of links i n  the 
niechanisin nsed to attain that result t$an with the magnitude 
of the number representing the increased order of fineness 
required when less links are used. H e  considered that a 
screw having a pitch of -25 mm., which cnrries a disk 
divided into 250 parts of -25 mm. each (giving about a n  
8 ceiitiin. diameter), would give far better results than the 
complex mechanisin shown. Such a screw would give 
1 niicron advance for each division of the disk ; but he 
believed that one rarely attains an accuracy in construction 
beyond the limit of one ten-thousandth of an inch. IIe had 
exhibited in Paris in 1900 a single screw micrometer used in 
combination with a telephone receiver. 

Dr. SHAW, in reply, said that the main justification of the 
apparatus was in  the consistency of the results given by it ; 
these were excellent, a s  the tables given in the paper showed. 
This method had been shown to be inucli more accurate than 
most of those in general use. As to the contention that the 
apparatus, while too sensitive for laboratory practice, was 
not sufficiently so for research on length changes, he pointed 
out that the accuracy of all measuring instruments was 
always on the increase, so that laboratory methods which 
were coiisiJered good recent/y would 110 t nccesszril,y suffice 



246 MR. T. C, PORTER ON THE 

in the immediate future. Why be content, even for teaching 
students, with measuring to the one 50th of a min. by the 
microscope, when with the simple electric micrometer we 
get, with little trouble, to the one 1000th of a mm. ? Dr. 
Shaw knew nothing of the prior publication in Australia 
mentioned by Mr. Watson ; if there were such a inethod 
introduced years ago, it was all the more astounding that 
Mr. Russell and his successors should have allowed such an 
excellent idea to lapse and remain immature and unknown. 
Some speakers had suggested that uncertain deformation of 
the levers might occur during an  experiment and vitiate 
results ; but a new strain implied a new stress, and, unless a 
definite change occurred in the forces of the system, we 
could not suppose a change in deformation. A like answer 
was given t>o the criticism that the levers might expand 
under heat during measurement. Why, if  sufficient time had 
elapsed to allow the system to attain temperature equilibrium, 
should anyone postulate expansions without indicating a new 
or irregular source of heat?  Most of the above supposed 
evils of course existed, but they were of small account. As 
with every good apparatus ever produced, if ordinary and 
suitable precautions be taken, these errors were reduced to a 
lower order of importance and could be neglected. I n  con- 
clusion, the method had been firmly established in University 
College, Nottingham, and had superseded other apparatus. 
It would no doubt spread and become general. 

X X I l I .  On the Ebullition of Rvtatiizg T'Vatei*.--A Lecture 
Experiment. By T. C,. PORTER, Eton, Bucks.* 

IF the water in a beaker, having approximately vertical 
sides, be caused to rotate about an axis concentric with the 
vertical geoinetrical axis of the beaker, it is obvious that in 
any horizontal section of the water the pressure is least in the 
centre, and increases from the centre outwards. I t  is also a 
well-known fact that the temperature at which water boils de- 
pends upon the prcssure to which i t  is subjected, being lower the 

* Rend RInp 23, 1902. 


